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Urban trees provide a wide range of ecosystem services that can address climate-change mitigation and 
adaptation. In this study, the tree cover and their potential to store carbon in two cities (Johor Bahru and Pasir 
Gudang) that are developing rapidly in the south of Peninsular Malaysia have been estimated. Tree coverage 
was mapped using Landsat 8 Thematic Mapper satellite data for year 2016. Various digital image processing 
techniques namely Maximum Likelihood and a sub-pixel classification were applied to obtain tree coverage of 
urban trees/forest, mangrove and oil palm. Results of the study show that natural tree coverage (forest and 
mangrove) in the cities range between 19 % and 47 % and generally Pasir Gudang has more tree coverage 
compared to Johor Bahru. Johor Bahru is the centre for various business and cultural activities, thus more 
built up areas are found in the city. On average, trees in the cities store approximately 796,136 t carbon or 
2,919,164 t CO2-eq which is about 18 % of the total CO2–equivalent emissions projected for 2025 under the 
Business as Usual (BaU) scenario. The mapping of tree canopy cover and estimating their potential to store 
carbon is important for assessing climate change mitigation.  
1. Introduction
CO2 is the main greenhouse gas that is responsible for global warming and climate change. Although cities 
cover only a small fraction of land, they are responsible for 75 % of global CO2 emission (Olivier et al., 2016). 
This situation will become worse when more than 70 % of Asian population will be residing in cities by 2050 
and in Malaysia, three quarter of its population is expected to live in cities by 2020 (United Nations, 2015). 
Increased industrial, housing, and transportation activities in cities will exacerbate the existing environmental 
problems such as air pollution (Kanniah et al., 2014), elevated surface and air temperature (Sheikhi et al., 
2015), flood, and landslides (Elmahdy and Mostafa, 2013). Many countries including Malaysia are taking 
various efforts to reduce the carbon footprint of cities and mitigate the environmental problems related to 
climate change. 
Although urban areas are the primary sources of CO2, urban forests (trees in woodlands, wetlands and other 
natural areas, parks, parking lots and street trees) can have the capability of transforming CO2 and water into 
biomass through photosynthesis and store carbon in stems, roots and branches (Nowak and Crane, 2002). 
Urban forests are also influencing the energy cycle by providing shade and releasing water vapour through 
evapo-transpiration,  influencing the carbon, water, and energy cycles and affect the local climate and its 
change (Díaz-Porras et al., 2014). Urban forests are promoted as nature-based solution for climate change in 
cities, but their role in local and global carbon cycle is not well studied. The potential of urban forests in 
sequestrating and storing carbon has been demonstrated in several studies, mostly in northern America 
(Nowak et al., 2013) and Europe (Davies et al., 2011). In the Asian region there has been an increased 
interest in carbon sequestration and storage by urban trees due to their potential in reducing the atmospheric 
and surface temperature via shading and CO2 absorption (e.g. Yang et al., 2005). It is important for cities in 
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Asia to understand the role of trees in storing CO2 as a nature-based solution to curb the increasing CO2 in the 
atmosphere. 
Carbon sequestration and storage services provided by urban trees can be assessed based on tree canopy 
cover (fraction of urban area covered by trees) (Strohbach and Haase, 2012) and land use/land cover change 
(Pasher et al., 2014). Estimating tree canopy cover is also important to assess air pollutant removal in cities. 
Urban forest canopy cover can be estimated using remote sensing data that provide continuous temporal data 
covering large areas. The objective of this study is to map urban forest canopy cover in two cities that are fast 
developing in the south of Peninsular Malaysia using remote sensing images and to estimate the carbon 
storage potential of the urban forests. The mapping and estimation of the carbon storage potential of urban 
forests is critical for urban planning and for understanding the role of green cover in carbon balance and 
climate change of urban landscape.  
2. Study area  
Two cities, namely Johor Bahru (JB) and Pasir Gudang (PG) located in Iskandar Malaysia (IM) region in the 
state of Johor were selected in this study (Figure 1). IM is a special economic region that is growing fast to 
bring economic and infrastructure investments. Five local government authorities are involved with the 
development process. JB is the capital city of Johor and one of the focal points administered by JB City 
Council, covering an area of 32,721 hectares. Among the key economic activities of this flagship zone are 
financial services, commerce and retail, electrical and electronics manufacturing, food processing etc. 
Meanwhile, PG is administrated by PG Municipal Council (MPPG) and covers an area of 36,887 hectares. PG 
is located within the eastern gate development flagship zone and it is a main industrial port city in the south 
east coast of Johor state. Two ports namely Johor and Tanjung Langsat handle more than 300 manufacturing 
companies, largest edible oil tankage facility and bulk cargo such as liquefied petroleum gas and dangerous 
chemicals. The main land cover/ land use in these cities include urban/settlements, agricultural land use (oil 
palm), forest, mangrove, open space and recreational areas. 
 
 
Figure 1: Location of Johor Bahru and Pasir Gudang within Iskandar Malaysia region in south of Peninsular 
Malaysia  
3. Data and Methodology 
The main data used in this study is a Landsat 8 satellite image. The data was captured using Operational 
Land Imager and Thermal Infrared sensors. Data captured on 30 April 2016 was downloaded from the United 
States Geological Survey (USGS) website (USGS, 2016). Landsat satellite image with 30 m spatial resolution 
used in this study is geo-referenced by the data provider and it is available for free. The image used in this 
study was covered by approximately 10 % of clouds. The image was first pre-processed for mask out clouds 
and associated shadows, corrected for atmospheric distortion and to calibrate its digital numbers to 
reflectance. These pre-processing were performed using the Carnegie Landsat Analysis System (CLASlite) 
algorithm version 3.3 (Asner et al., 2009). The same program (CLASlite) was also used to classify green cover 
in Kuala Lumpur. Although CLASlite was originally developed to detect forest cover, in this study it was 
modified to identify urban tree covers as it was proposed by Kanniah (2017). CLASlite uses the Automated 
Monte Carlo Unmixing (AutoMCU) model to classify each pixel into its fractional cover of photosynthetic 
vegetation, non-photosynthetic vegetation and bare substrate (Asner et al., 2009). 
Since JB and PG are covered by various types of trees mainly forest/urban trees, oil palm, and mangrove, a 
pixel-based classification technique was also used to obtain different land/tree covers in the two cities. A most 
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commonly used maximum likelihood classification technique was used and a total of five different tree 
cover/land cover classes were obtained. Training samples (homogeneous pixels representing each land cover 
i.e. forest/urban trees, oil palm, mangrove, urban, and vacant lands) were selected from the satellite image to 
run the classification. A total of 50 training samples (polygons) covering 40 – 50 pixels in each polygon were 
used to classify the image. Land use map of Johor dated 2010 (scale 1 : 250,000) was also referred to ensure 
correct training samples were chosen. The classified images were validated for their accuracy using another 
independent set of data taken from Google Earth maps (a technique used by Cracknell et al. (2013)) A total of 
20 polygons for urban land cover and 10 polygons for the rest of the land covers (each polygon containing 50 
pixels) were used to validate the classification results using confusion matrix that provides user, producer and 
overall accuracies and kappa coefficients (Congalton, 1991).  
4. Results and Discussion 
4.1 Tree cover mapping 
Tree cover as detected by Claslite program is shown in Figure 2. A total of 6,584 ha of trees (20 % of the total 
land area) are covering JB and 13,232 ha (36 %) of trees are covering PG. The results are produced with high 
overall accuracy of 87 % for JB and 65 % for PG (data not shown).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Tree cover in Johor Bahru (a) and Pasir Gudang (b). White colour inside the city boundaries show 
water bodies, clouds and cloud shadows that were masked out from the images 
Claslite cannot differentiate types of trees, but in order to calculate carbon storage, information on the types of 
trees present in urban and their coverage is important as different coefficients of carbon storage will be used 
for different types of trees. The results of classification of different types of land/tree cover is shown in Figure 
3. A total of five land or tree cover/ land use classes were obtained from the classification of Landsat 8 image 
(Figure 3) and their accuracies are shown in Table 1. The overall accuracy of the classified images is 78 % for 
JB and 71 % for PG, while the Kappa are 0.70 and 0.61 for JB and PG. The accuracy of each land cover/land 
use classes is detailed in Table 2. Generally, all three classes of vegetation (forest/urban trees, mangrove and 
oil palm) have lower user/producer accuracies that may be attributed to the spectral similarity of these classes 
within the 30 m resolution of Landsat data. This may have caused confusion to separate them effectively. 
Urban and vacant land classes which have distinctive spectral reflectance can be separated from vegetation 
with high accuracy (Table 1).  
Classified satellite data shows that large portion of these cities are dominated by urban surface (52 % in JB 
and 13 % in PG). Vacant lands constitute approximately 8 % in JB and 13 % in PG. In PG some urban 
surfaces are classified as vacant land due to their proximity with urban areas. In terms of tree cover 55 % of 
(a) 
(b) 
15
PG is covered by trees, while only 26 % of JB is covered by trees. From this amount natural tree coverage 
(mangrove and forest) is only 47 % in PG and 19 % in JB. In a previous study Kanniah et al. (2015) detected a 
complete loss of natural forest cover between 1989 and 2014 in PG. These 2 cities were found to have lost 
626 ha and 1,159 ha of tree cover in just 2 years (2012 - 2014) (Kanniah and Ho, 2017).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Classified Landsat 8 satellite data covering Johor Bahru (right) and Pasir Gudang (left). Clouds and 
shadows were masked out from the satellite image 
Table 1: Accuracy assessment of the classified Landsat 8 images. 
 Johor Bahru Pasir Gudang 
Tree/Land cover Class Prod. Accuracy (%) User Accuracy (%) Prod. Accuracy (%) User Accuracy (%) 
Forest / Urban trees 31.15 36.54 50.74 25.46 
Mangrove 52.11 45.68 68.56 79.96 
Oil palm 60.47 81.89 42.19 57.45 
Urban 84.29 79.42 63.59 91.40 
Vacant Land 79.87 80.38 80.18 42.38 
Unclassified 90.80 84.84 84.16 72.60 
Overall Accuracy 
(Kappa Coefficient) 
77.6 
(0.70) 
71.1 
(0.61) 
Table 2: Percentage of various land cover in Pasir Gudang and Johor Bahru 
Land cover Johor Bahru Pasir Gudang 
 Total land cover (ha) % land cover Total land cover (ha) % land cover 
Forest/Urban tree 2,680.4 8.3 9,838.2 26.81 
Mangrove 3,596.5 11.1 7,544.1 20.6 
Oil Palm 2,013.5 6.21 2,682.8 7.3 
Urban 16,934.2 52.3 4,789.5 13.1 
Vacant Land 2,623.4 8.1 4,696.7 12.8 
Unclassified 4,553.9 14.1 7,150.1 19.5 
Total 32,401.9 100 36,701.4 100 
4.2 Potential carbon dioxide (CO2) reduction by trees 
We estimated carbon storage potential of trees in the two cities based on previous studies established in 
Malaysia (Table 3). The results of previous studies show that mangrove has the highest capacity to store 
carbon compared to urban forest and oil palm. Trees grown in urban environment tend to have less 
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aboveground biomass (AGB) than forests due to limited availability of fertile soil and other resources and 
human activities such as pruning. Total carbon storage was obtained by multiplying average carbon per ha 
(from previous studies) with total tree canopy cover.   
Table 3: Carbon storage potential of urban trees in Johor Bahru and Pasir Gudang 
Tree Cover Average carbon per hectare 
based on Previous Studies  
(t C ha-1) 
Carbon Storage in this study 
(t C) 
Carbon storage (t CO2-eq) 
Johor Bahru Pasir Gudang Johor Bahru Pasir Gudang 
Forest/Urban trees 40 (Kanniah, 2016) 107,216 393.528 393,125 1,442,936 
Mangrove 50 (Hamdan et al., 2014)) 179,825 377,205 659,358 1,383,085 
Oil Palm 28 (Kho and Jepsen, 2015) 56,378 75,118 206,719 275,433 
 
On average, trees found in JB and PG store approximately 796,136 t C or 2,919,164 t CO2-eq which is about 
18 % of the total CO2–equivalent emissions projected for 2025 under the Business as Usual (BaU) scenario 
for the cities (Ho et al., 2015). Absorption and storage of CO2 by trees found in urban environment is important 
to reduce CO2 emission in cities and for climate change mitigation. The total carbon storage estimated in this 
study may be overestimated as mangroves and urban trees which have higher average carbon storage are 
classified as oil palm (data not shown). Using high resolution aerial photographs, Pasher et al. (2014) 
estimated carbon storage of urban trees in Canada to be ~34 million t C with ~2.5 million tons CO2 
sequestration annually. In USA, Nowak and Crane (2002) found an uptake of 712 million t C with 22 million t 
C/y. In Asia only, several studies have been conducted mainly in China, Africa, Singapore and Bangladesh. 
Yang et al. (2005) for example found that trees in Beijing, China, stored about 0.2 million tons of CO2. Street 
trees are also found to contribute significantly to China’s terrestrial vegetation carbon storage (Guo et al., 
2014). In Bangladesh, Rahman et al. (2015) reported that roadside trees store significant amount of carbon 
where they can contribute to the United Nations Framework on Climate Change’s carbon mitigation and 
adaptation mechanism.  
The findings of the current study show that trees in JB and PG can directly assist to absorb excess CO2 from 
the atmosphere. Other significant roles of large canopy trees in urban forests, recreational parks, and streets 
include providing shade and reducing the surface and atmosphere temperature by evaporative cooling 
(Jaganmohan et al., 2016), removing airborne particles (Selmi et al., 2016), and reducing the risk of floods due 
to storm in cities (Berland et al., 2017). In this way, not only trees can influence the carbon but also can affect 
the water and energy cycles in the urban environment and subsequently influence the urban micro climate and 
its change. It is highly recommended that all municipal councils in Malaysia should set a canopy cover target 
such as 30 % (Kanniah, 2017) to increase tree cover in cities.  
5. Conclusion 
Cities experience high levels of greenhouse gases particularly CO2 concentration compared to rural areas. 
This has resulted in elevated temperature or urban heat island phenomenon in cities. Although various actions 
are taken by cities around the world to reduce CO2 concentration, trees found in cities are a nature-based 
solution to curb excessive CO2 levels. Urban trees also provide various other ecosystem services and 
functions. Increasing urban tree cover is important for increasing the livability of urban dwellers in Malaysia.  
Acknowledgement 
We acknowledge the Ministry of Higher Education, Malaysia and Universiti Teknologi Malaysia for providing 
funding to conduct the study (FRGS R.J1300000.7827.4F725). United States Geological Survey is 
acknowledged for providing Landsat satellite data and CLASlite team for providing the Claslite programme.  
References 
Asner G.P., Knapp D.E., Balaji A. Páez-Acosta G., 2009, Automated mapping of Tropical deforestation and 
forest degradation: CLASlite, Journal of Applied Remote Sensing 3, 033543. 
Berland A., Shiflett S.A., Shuster W.D., Garmestani A.S., Goddard H.C., Herrmann D.L., Hopton M.E., 2017, 
The role of trees in urban stormwater management, Landscape and Urban Planning, 162, 167-177. 
Congalton R.G., 1991, A review of assessing the accuracy of classifications of remotely sensed data, Remote 
Sensing of Environment, 37 (1), 35-46. 
17
Cracknell A.P., Kanniah K.D., Tan K.P., Wang L., 2013, Evaluation of MODIS gross primary productivity and 
land cover products for the humid tropics using oil palm trees in Peninsular Malaysia and Google Earth 
imagery, International Journal of Remote Sensing, 34 (20), 7400-7423. 
Davies Z.G., Edmondson J.L., Heinemeyer A., Leake J.R., Gaston K.J., 2011, Mapping an urban ecosystem 
service: quantifying above‐ground carbon storage at a city‐wide scale, Journal of Applied Ecology, 48 (5), 
1125-1134. 
Díaz‐Porras D.F., Gaston K.J., Evans K.L., 2014, 110 Years of change in urban tree stocks and associated 
carbon storage, Ecology and Evolution, 4 (8),1413-1422. 
Elmahdy S.I., Mostafa M.M., 2013, Natural hazards susceptibility mapping in Kuala Lumpur, Malaysia: an 
assessment using Remote Sensing and Geographic Information System (GIS), Geomatics, Natural 
Hazards and Risk, 4 (1), 71-91. 
Guo Z.D., Hu H.F., Pan Y.D., Birdsey R.A., Fang J.Y., 2014, Increasing biomass carbon stocks in trees 
outside forests in China over the last three decades, Biogeosciences, 11 (15), 4115. 
Hamdan O., Aziz H.K., Hasmadi I.M., 2014, L-band ALOS PALSAR for biomass estimation of Matang 
mangroves, Malaysia, Remote Sensing of Environment, 155, 69-78. 
Jaganmohan M., Knapp S., Buchmann C.M., Schwarz, N., 2016, The bigger, the better? The influence of 
urban green space design on cooling effects for residential areas, Journal of Environmental Quality, 45 (1), 
134-145. 
Kanniah K. D., 2016, Multi-sensor satellite data for carbon storage mapping of green space in a fast growing 
development corridor in Malaysia, 37th Asian Conference on Remote Sensing 2016, 17th-21st October, 
Colombo, Sri Lanka, 917-924. 
Kanniah K.D., 2017, Quantifying green cover change for sustainable urban planning: A case of Kuala Lumpur, 
Malaysia, Urban Forestry & Urban Greening, 27, 287-304. 
Kanniah K.D., Ho C.S., 2017, Urban forest cover change and sustainability of Malaysian cities, Chemical 
Engineering Transactions, 56, 673-678. 
Kanniah K.D., Lim H.Q., Kaskaoutis D.G., Cracknell A.P., 2014, Investigating aerosol properties in Peninsular 
Malaysia via the Synergy of Satellite Remote Sensing and Ground-based Measurements, Atmospheric 
Research, 138, 223-239. 
Kanniah K.D., Sheikhi A., Cracknell A.P., Goh H.C., Tan K.P., Ho C.S., Rasli F.N., 2015, Satellite Images for 
Monitoring Mangrove Cover Changes in a Fast Growing Economic Region in Southern Peninsular 
Malaysia, Remote Sensing, 7 (11),14360-14385. 
Kho L.K., Jepsen M.R., 2015, Carbon stock of oil palm plantations and tropical forests in Malaysia: A 
review, Singapore Journal of Tropical Geography, 36 (2), 249-266. 
Nowak D.J., Crane D.E., 2002, Carbon storage and sequestration by urban trees in the USA, Environmental 
Pollution, 116 (3), 381-389. 
Nowak D.J., Greenfield E.J., Hoehn R.E., Lapoint E., 2013, Carbon storage and sequestration by trees in 
urban and community areas of the United States, Environmental Pollution, 178, 229-236. 
Olivier J.G.J., Janssens-Maenhout G., Muntean M., Peters J.A.H.W., 2016, Trends in Global CO2 emissions; 
2016 Report, PBL Netherlands Environmental Assessment Agency, The Hague, the Netherlands. 
Pasher J., McGovern M., Khoury M., Duffe J., 2014, Assessing carbon storage and sequestration by Canada's 
urban forests using high resolution earth observation data, Urban Forestry & Urban Greening, 13 (3), 484-
494. 
Rahman M.M., Kabir M.E., Akon A.J.U., Ando K., 2015, High carbon stocks in roadside plantations under 
participatory management in Bangladesh, Global Ecology and Conservation, 3, 412-423. 
Selmi W., Weber C., Rivière E., Blond N., Mehdi L., Nowak, D., 2016. Air pollution removal by trees in public 
green spaces in Strasbourg city, France, Urban Forestry & Urban Greening, 17, 192-201. 
Sheikhi A., Kanniah K.D., Ho C.H., 2015, Effect of land cover and green space on land surface temperature of 
a fast growing economic region in Malaysia, SPIE Remote Sensing 2015, 21st-24th October, Toulouse, 
France, 964413-964413. 
Strohbach M.W., Haase D., 2012, Above-ground carbon storage by urban trees in Leipzig, Germany: Analysis 
of patterns in a European city, Landscape and Urban Planning, 104 (1), 95-104. 
United Nations, 2015, World urbanization prospects: The 2014 revision, Department of Economic and Social 
Affairs, New York, United States. 
USGS (United States Geological Survey), 2016, United States Geological Survey <glovis.usgs.gov> accessed 
30.04.2016. 
Yang J., McBride J., Zhou J., Sun Z., 2005, The urban forest in Beijing and its role in air pollution 
reduction, Urban Forestry & Urban Greening, 3 (2), 65-78. 
 
18
